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A.AChernyahgy -

Introduction R

Beryllium and beryilis are of intereat in the nuclear enginesring as coustruction mute-
rinlg of voactiors of vuriouna types due to thelir pood moderative propertlies, weak thermal nout -
ron absorptlon and fast pvutron wultiplication in the roaction lluq(n,;.‘n), Fhystcal proporties
of berylliwn aund beryllin determining 44 ffuston, moderation, scattering and umltiplicetion of
neutrons have been studled Cor e fow yoars in Lhe Kurchatov Inmtitute of Atonic Enervy (LAR),
The main results are briefly presented in the report.

In adJltion, the fast nentron multiplicution data obtatuned from the analysis of tha criti-
cal assemblies in the Inntitute of ELnerpetlics of Acadewny of Solence BSIR arce prescnted.

A, STUDY OF BERYLLIUM AND BNRYLLIA AG NEUTRON MODYRATORS (1)

T.F.zhezherun, I.P,5adikov, V.,A.Tarabenko,A,A,Chernyshev
(The Kurchotov Institute of Atomic Fnergy)

1. Effect of beryllia microstructure and tomperature on thermal neutron
scattering crons-—-sectlon

The microcrystallyne structure can essentially iuflucnce on the moderative snd scatterin.:
properties of beryllia due to the affect of Bize nnd orlentatlon of crystal grains on the e
acattering cross-section 65 . It 18 known thet with the increasing of the gruin sire o,
decreasses due to the extinctlon effect; their advintageous orientation (texturs) which oan &#p-
poar in precosing or pressing out of BeO articles can ceuse the anisotropy of GS . To mnke cle-
ar how much these effects are to be taken into account whon cnleulating the reactors of fen
moderator, the total cross-saection d¢( 6, = ©g for Bs0) was meaeired with the choppor for
four samples with various grain siza (see Fig.I), Somple I consisted of thn plates I.2x7x21 ria
produced by pressing out, sample 2-of the rods 5x4x23 mm produced by pressing, sample 3 mile
of the disce 30 mm in diameter, 3 mm thick produced by pressing out and sample 4- of the dlncs
%8 mm in diameter, 3 mm thick produced by cold pressing. The microstructure snalysio of the sa-
mples, carried out by Yu.G.Digaltsev and V.I.Kushakov, showed the all samples are clorrd puoked
crystallite of irregular polyhedron form. The grain eirzes are shown in Pig.1, the moan aize wuw
determined as a square root of an average arca of a grainm in a microsection photogrﬂph. In
difforent measurements the sample thickness varied between 342 (;/(m2 and 5,6 g/om .

Under given experimontal conditions the ensrgy rosolution wagbebwesn & and 10% in the =t
range 0,03-0.1 ev. To observe the anosotropy of - two seriea of measuremonts have boen done =
with namples I and 2, the neutron beam being fallen both in parsllel and normally to the di-

rections of pressing or pressing out (Fig.2).

It is seen from these lgures thav at cmall energy (0.005-0.2 @v) the difference in Oy
ip 40% for the vamples with the grain nlze: BjiL end 294 3 1% may eﬁi:ie 10%—shange of ‘th'-' nye—
rage spectrum scattering length ls or the square diffusion lcngth [s* (see Tabla 1). The ex-
tinction effeat does not pructically influsnce on &g if the grain sise & TOH.

The presegee of texturo in the hexagonal Bel lattice soome to be obmsrved in the hest wuy —

from neutron wave roflection on the planos being normal or parallel to the r~-nxis of the oryn-
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tal elomentnvy cwll, t.e. (rom the rofloctionn in which the fieat two Indexes or the last one
are equal to zero. The antwtropy of €4 1o obuerved from the cefleotion on the plune (1)
ab B = 0,012 ov (neo insarts on Fip,d) as ceaching 5% of the portisl or 7% of the moasured
crosa-sections, The values of Lha cross-sectionn 61“0 and «A"“O show the advantageous orien—
tation of the crystal gmraiun by c-axin of the elumentnry cet) 3n direotlon of preasing out and
normally to the pressing dirsct Lon, if Lhe neutron besn o normsl ox pavallel to the prenuing
out or proasing directiona, For othar retlwsctlons the aifference in 6, and &, , if 1t s,
does not exceed the memsurenent; eriors, Thuw, Lhe eninotropy of 6 1o omall und ita influen-
ce onb may be neplected, ¢

In the range 1-10 ev where atom bindluoy in the crystal Inttlce doesn not effect on acatte-
ring the measwred value of aﬁﬁ i conatant nnd equale 1040,15 varn for all the anmples, K

The temperature dependence of @Gy 16 of importunce for the colrulation of the tomporatu- o
re reactlvity coefficient, In Fig.) the mensuvement results of 5y nre ahown for the rnample
of advantmijeous yraln aj zes '1(1—-.‘)()),1, ab T oo 03 BOOG T30 1500%K, In Figeh tho temporature
dependance of 6& (E) for some energloa Lo plotted aa wall no that of d’ ond (fy—‘-')"(xvern(,ed
over the Maxwelllsn spectrun (at the neutron kemperatur: '[‘” 2 T4 mu"l()tand thu’ln'-d from
Fig.3.

The measured results reveal thet with tho sample heatings 1) the poasltion of Wpenrg nnxima
are shifted towards less enorples In cccordance with the temperaoture expannion; ') the vaive
of the maxima decrecapess; 3) the valwe of @ incroanen, tho rrestor it wil) be the lean the
neutron cnergy B is. At E70.‘|5 ov fo'é’ ,éé. and (6;' )" have a minfmwn near T'-1300*K whioh
con be explained by the competition of Lwo procesnost dncronsing of the coheront elastic neat-
tering and increasia of the coheront jnelnstic one with the temperature increauve, Lince ory-
gen und beryliium in BeO are anigotropic ond the incohcrent scalterlng in Bo depanding on the
spin is smsll, the measured dt con o practically divided only in two tormns the olantie and
inelastic coherent scattering cross-section, @&, 1o muinly due %o tho latter nt E 20,0035 ev,

The change of dt with the tompersture in the ronge 290-1500°K can lead to the decroasluy
of L:J“ by about 20%.

The sample density was 2,80-2.85 g/cmb, 1.e, it wno loss than the theorelicnl value
3,04 g/cm5. Therefors the quost:ion sppeared whethor the geattering In small angles, couned by
the refrastion and the diffrnction of fhe neutron wnven ot the boundarinos botween subntance
and air in the sample pores, effects on the measured @tﬂ' Phe ndiditlonn) messuromente on Be')
gample in the form ot +he fine—grained dunt showed thot Lhe senttoring in small nngles cun be .

neglectad.

2, $tudy of thermusl neutron diffusion fn bery) Lium und
beryllia B

the diffusion parameters of Be und BeO were studiod by means of the pulve nethod with the

linear eccelerator of TAE, The method, nn in kmown, 1is o measure the dampling coofficioent

of_ of the moutron density in the moderator block with time and to snalyue congequently the

dependence of & upon the block geometTy parameter 81
d=S v + DB e’ 9]

where S, v 18 the absorption veloeclty, D nd € are the coefffcients of diffusien nnd diffu-
sion cooling respectively. )

The coefficiont ol wus measured for 39 baryllium blocks nt B = 0,005-0.11 cm
27 beryllia blocks at B'3 = 0,004-0,095 om—e (see Flpa5), The averuso Be density in blocks wus
1.79 g/omzs, that of BeC - 2,72 g;/cmj. The mensurementg of o for mich great number of the
blocks allowed to obtain the more arccurate diffusion puramgters (see Table 11) than thess in
[2-1] .
The all experimental values of t

coincide within the meagurenent errors;
the orror. For the coefticient C tho data are in agreement foxr B
-2 -

2 and for

he conafficient D for Be, including the ones in Table 11,
for Be0 the diffcrence 18 considerably hipher than
o0 but as for Be there is

34264




no suc. agreement,

The study of the cause of the experimontal data diupersion for D and O showed that 1t may .
be a3sentially connected with the possible ALffercany of the crystal struoture of the materi- B
als under investigation. Thus the ostinated oaloula%iono of D and ¢ for Ra0 uoing the above rﬁd_
for the samples with the grain sires ﬂjL and 2("”‘ §ive the values of D within 10% and the va-
lues of 0 within 60%. The effeat of the term with 3% in Kq, I 1s negligible as 1t 18 seon from
the additional analysis of measurements by mesns of the ocomputer,
) N In [9] for the explanution of the disperaion of 0 it was
' effect which must result in dependence of ol upon the measureme''t conditiona for omall blocks
(the neutron source power, the background level etc,), Our sttempts to detect this dependonce
Lo for tha Be block of 20 cm’ when the suurce power changes 10 times and the background level doeam
R 5 times failed (Fig.6).

I The value of C measured give some information on the neutron slowing~down near the thepr—

mal equilibrium indieating the decresse of tho mean logarithmic onorgy locm{m He and Be0
approximately 4-5 times,

indicated on the neutron trap

3. Measurement of moderation length in Ba up to 1,46 ev
and 0,3 ev

The slowing~down denaity q(r,&r_) was measured i{n the rectangular prism 80x907145 om, The

u converter, irradiuted by the neutron beam of the ranctor thersal column, served an a neut-

ron source; tho indium foils in cadmiun L£ilters were used as the noutron detectors at 1.46 ovy T

S She small plutonium chumber in the filter with mixture of sumarium and gadolinium oxides [10] )

C wag the detector at energy 0.5 ev. The messurement results sre prosented in Fig.?7 (for In) and .

in Fig.8 (for Pu chamber) . ¢
‘Che measurements by means of the I'u chamber were cerried out in each point undor the fyul-—

‘ .'" lowing conditlionsgs ) .
1) the chamber wus surrounded by the fllter of 0,125 ;g/cm"‘ Sm and 0,04 r;/cma(}d ("Snﬂd)‘
o) ) o
2) the chaunber was surrounded by the filter of 0,125 g/um2 Bm, O.04 g/om” Gd and 0,35g/cn® Cd N

(Ngaca) s
3) the chember without filters (N).
The neutiron flux of 0.3 ev was obtalned as Lthe difference of the firet two measuromentn '

SN - _my-] ¥ .
0.3 = Yapaa = Vsggacar ®n¢ tho thermal neutren flux QE_- B (3-T)" Mg nqr Whore T is the 6.

transmission of the redonance neutrons by the filter SmsGd. The inaccuracy of the value T, de-

tormined from the culculation, effects slightly on SDT s 8ince N:Smthl & N, E
The curves for ¢ and (pT (Fig.T1) at distances L) 60 cm Crom the souros are parsilol,
It implies ti:! nt yuch distances the den3ity of the slowlng-down necutxons of 0.3 ev in negli-

gibly small in comparigon with the density of neutrons of the same energy in the ostnblished
Moxwellien spectirum, Using the ratio (pm/gpr = (6.58%0,1).103 at distances "> 60 cm ono can
obtain the slowlng-down density 4,3 from the total flux @03. —

From I'igs.7, 8 it 13 seen that at distances % < 30 cm from the scurce the slowing-dosn .
densilty Lo approximated by the expression q,('l,) '\—e'v'l/l/‘:vith T =toto cm'? at E'L =1.:&E‘ev )
and with T =91.5 b Z2e5 Cm')' at t'z, = 0,3 eve At ) 30 cm the expresvion 9,("(,)'\-'1_'2 e /A1n
valld with A = 7.?710.10 cm at El = 1,46 ov and 0.3 evy this expression presents evident-—
ly the density of the first collisions, Over the whole region of messurementse (7¢ 90 cm) tho

. kernel of moderation is well approximatied by the expression (¥1re9) ,‘:
S Lon(E) el
2y e ' ()
K(vE,) L>_‘ Ty
R - 2 . - 2650me
: where (1 = 6fem”, Gy =130cem”, l.‘ = 265cm
Py - 0.0660, P, = 0.307, P5 = 0.027 at Eo = 1,46 ev
Py = 0,581, }‘2 = 0,422, P‘,} = 0.037 ot E v 0.3 ov.
-3 <
2
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The square of moderation length (1/6 of the moan squore displecement at noderation) pro-
vo,:l to be equal to L, (1.46 ev) = 92 M '1,50!!2,[12] (0.3 ov) = '101t.53-2.00m2, Their difference
L (146> 0.3ev) = 1 .512.5 om“ oxceeds LIiv value calculated by 60% with the sapumption that .
a neutron ocollides with free atoms, Thue, in tho range 1.46-0,3 ov the atom bond in Bel luttice
signifiocantly effects on tha neutron moderation. The velue of b (1.46 ev) 1a in sgrevment with
the data obtained [11,12J but it 1s more uccurnte., Ther v are no duta avnilable for L . 0.3)
in literaturs, /

4, Btudy of Neutron Slowing-Down in Be and BeO

The slowing—down of neutrons ~ 2 Mev in Bo and BoO wase ustudied on the linvar accelerator
of the IAB by impulse method, measuring the trannmission for indium, cadmium and esmurium
filters (In, C4, Sm huve strong rosonunces at 1,46 ev, 0,178 ev and 0.0976 ev, respectively) by
a small BF _-countexr, In addition to BF —counter the detector of 0.3 ov neutrons was algo uned,
The detectora were placod tn moderstor block (ne-eojcmj. Be0--70.80.75 on?) along, the neutron
beam axis of the accelerstor,

The measurement results for the value of the inverse transminsion T -Y\{}vn time, which
lagted after a neutron impulso momont, are shown in Fipg. !0, In the sowe figure the detector
counting rate of O.3 ev neutrons is given too (I ~chambur, ohinlded by SmeCd), In tiese meibu-
rements the channel width of the tiwme snalyzer was f{rom 1)1 aec to 0. sec.

From the curvas of Fig.10 the maxima are clearly scen. For conven.\nnco,ﬂﬂ(}) {8 norma-
}ized to unit. The time corresponding to these maxima ir obviously & neutxron vlowing=down time
up tv a given energy, t , plus the time of fllght from the point of the 1lust collision up to i
the neutyon absorption in detector -tl (ls(o‘) + ‘—1-) Yy~ where v jo the neulron velocity, d e
is the mean detector dimension (taking inlo account tho detector hole).

In Table ITIX the values l:s are glven. The errors rosul t from the uncertuinty of the posi-
tion of +the maximum, the former iy connected with the chunanel analyzer width end with tle ina-
couracy of the calculation of t . The compurison of those vnlues with calculated onen, obtali-
naed for the neutron scattering by fine atoms shows that the crystical bindiny in Be LUV Y:
of importence foxr the slowing~down already: in 1.46-0.3 ev runge.

Mea.suring with Pu-chambor (F1g.14) mede possible to derive unothor importest slonlng
3 ev and to compnro it -

—down

characteristic-time~-enorgy distribution of moderating noutrons of O
with the thooretical one [13] H

N (vu.t) g{f: New (7. u) N, (1. 4) ’Tln‘.('r,u,l)']' (%)

wherD 1 ot
: IR AR WP .

No{u.l)- 4 ﬁV e - ’A("j-z') S, () =

¢

ulrous during a time t, 1L the neutron

fio(u, % ) -8 loisson probability of appearonce of 2/ no
appeerencs &t any moment 18 equally probable and equal to ~—i~ﬁdl,{ w 18 lethargy, U, and
v are initial end finnl neutron velicitlos). The full and do%ted linas in Flg.17 correspond

to Poi.oson dlgtribution (4) with 2/d= 12 fur Be and 18 for Bo0,rospactivoly.The d4#:copancy of

thaory and experiment at lorge t 41 connected with tle of fect of splowly incrousing factor 1+ €& i

in formula (3).

From the fact that the dispersion of Poispon distribution equsls thua avorase value ond

Ut 2. , vtg oy ~ _
using the relattons (7%} - fom ona (" Y = 2/%,,, =W tho slowing dom timo tg
up to the eneriy 0.3 ev «on be obtnined jndepeniently of 1tn determinetion from the p;_witi'vn
i » 5 -3 { s
of the maximun (sce Table 111). For bthis purpose the dispersion at - o L‘I I S toa
(2.9 1 sec for Be mnd 4.3 . sec for fie0)) which 1s connented with eneryy xTange of detaclor non=
sitivity 10] , i8 to be gubstracted from t’l'.' Ap B rerult we gebt 1703 Lo ger for Be snd
28)L sec for B0, and also ch—. - .19 and Ewumnz. ,
Phe neutron ulowing-down below D¢l ov wap studied by the mousurement of the transnission
-4 -
20
=
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of boron filters of 0,012 g/cm2 and 0,073 g/cm? with I/V-dntucbor, the detectors and filters
being pluaced outside the block (soo Fig.1:), Due to golllmater I only thoae neutrons may be
detected which wore directed to a block murticu i tun sugle > 80°, It eimplified sipnificant~
1y tho calculation of the filtor transmisston f¥ {1} vo the noutron tonperature T, it was used
then for deriving the temporature of moderdtud meuticud at the momont t from the tranamjission
valueg measuroed with the assumption of Muxwel)l Lew dlistribution (ace Figo,13 and 18, whore 'l‘
18 the equilibrium tomporature at & - ~c~ ), In ©he cnloulations of |} ( f) oither thaurnticnl
results for Gy, (L) in Bo and Hol ] 14 | wore used or the experimental data obtained in [15]
torG in Be and our data for Wy in BeO with the grain sixe 81, The full and dotted l{nes
in Fig.‘lS a,b correspond to thoso two ways of calculution of N (T) It is aeen from theseo
figures that below 0.7-0.5 ov T(t) tonds to Te exponantially, the relexat lon time - being
practioally indopendent of nelthexr the fllter thickness nor the way of caloulation g\ (P).Bosl~
dea tho data 1n Fig, 13 and 14 the values 'r" ! for veryllium blocks of 50) on? and for be=
ryllia blocks of 605011\5 wore measurod. Afver correoting for £inite blook sires, the thermslie
gation time t&n = 185320}1. 8ec for Be and ¢ ?we 204120}(.5003 for Bo0, ar a rosult, was obtal~
ned.

The messurementa of c and t th porformed, gZive the posolbility for deriving the vnlno§
and pmaking tho following 0onclusionn. ‘he noutron slowing-down to 1,46 ev in Re and %0 is
due to collisions with free atoms and lasts leus than 10xe0c. In tho range 1,46-~0,3 ev a
orystal binding effect roduced i to 0,193%0,02 4n Be and to 0.109%0,012 in #e0; t_ in thia
range 18 1,5-2 more than t, to 1.46 ev. In the xange O,3~0.5 ev, below which th: spoctrum
approximating thot of Muxwollian ius established, §h:: 0.049%0.005 and i‘;. 80" 0.047%0,005 and
ts is 6~7 more than t:ﬂ to 1,46 ove At E ¢ (9.05—0,025 av) the moderation 1s very slow, on an
average, up to 1854 rmo< in Be ahd up to 2044 soc in BeO, The mean logexithnioc onergy loas

*in this range for the whols noutron spoctrum 1a dopendent on the energy and determined by the

thermalization timos
é‘__ As .‘(‘g"" E~E¢

whore E¢ and Up are thu oquilibrium onergy and volocity.

Tho energy-time diotribution of neutrons in the rangse to ~ Ex0,05 ev tan be obtalned
from formula (4) by subabtituting the given values G' The same values were used for cnlculati-
on of the alowing-down area below 1,46 ov (see Tuble 1Y),

The value b‘ (0.3 ev) for Be0 is in a food sgreement with the direct msasurement data
(Bes §3).

5+ Multiplication gl’ Plosion lieutrons in Be snd BeO
in Be” (n, 2r) Reaction

The moderators containing De give an additionsl neutron multiplicatios in reactors con-
nooted with the difference 4f contributions of (a,2n) and (n, & ) reactions, Ae the calcula-
%ion of the coefficient of this multiplication possosed a lerge uncorbalnity[“?l we moasured P
K, for Be in spherical goometry oxperiment. The experiment conaieted in measursmoat of ine
tegral neutroen fisslon source powor N (fission converter of 55 on the reastor benn), being
abielded by a spherical luyor of beryllium or graphlte of various thickmsos (graphite wes =
necsssary for excluding the variation of the senaltivity of the deteotor ("cllwave" BF -~coun~
teor) with neutron energy). The presence of a h_ole in a beryllium and graphite ospheres for
transnission of reactor neutron beam into converter cauged the anisotropy of fisgion souroe ,
and led to detormining the source power N as a result of integrating the counting rate, mea-
suring on a horisontal plane at difforent angles to the beam axis, For reducing this ani~- :
sotropy and excluding the corrections for a finlte distonce from the source to the detector, S
the spheres investigated were surrounded by a apherical wood layer 14 om thick.

In Pig.16 thc measuremont rosults are shown of N aod Rpe vs the mean neutron energy loss
A E when neutrons passed tho grophite aud beryllium leyora and also A.B.mis.(trg)/i (45 lis —

32 -3~
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given. The volue AF wap calouluted with the effect of neutron “antongling” in elestioc and
tnolastic collisions with Be and C, nnd it ¢untulna dome uncertainity which s however nf‘ no
importance for KUe (see F1g17), Curve 2 of I'lge1?” gives tho more probable run of xmva [}

; - 4 2

lauyor thicknoss. At 12-15 g/cm” Be I(“u abtsing tho maximup vilue 1,100,015, Using thia
value, the mulf;iplicfntjon coofficlont of fiaion noutroon waa calculsted 1n BeO too. It was
agsumed that J"?*I—:-ﬂh"-’f where M, and M., 4re the fissjon neutron collision density

¢ <
wi;h beryllium u‘i'gms at m’utron slowing-down in De und BeO bolow the threshold of Be’(n, 2n),
Be’(n, <) and 9] (n,-L) reactions. Thin nspunption 18 approximately true, us at £ > 4 Hev

Onan i3 nearly constunt, and at B <L 4 Mov the collision densities in Be ond BeO are similar,

n 1,34
As o rosult, —BQ= —=_  was ob d, c = 1,082
. " Ty, 1il obtaine Henco Ky 9 1,080,023,

B. CONPRIBUPION OF PASP RWFKCTB ON Be TO THE MULTIPLICATION
COEFFISIENT OF BLRYLLIUM ASGEMBLIES

A.K.Krasin, G.I.Plindov,

The Inatitute of Enerpetics of Acsdemy of Yciences
NGHSR

It is of interest to inke into account the offect of (n,2n) ond (n,e) reactiona on Be
on critical massoe und sizes of physicul beryllium assomblies snd to separate the contribution
of fast effect inl.o the multiplication coefficlent. -
For Lhis purpose 10-group constants for beryllium were obtainsd, The Be (n,2n) reaction :
hos connldered as inelastic scattering loading to un additional neutrom. The crous-soctions of .
{n,2n) ond (n,+) reactions woere taken in from [18—22] and @5,25] , rospectively. -
For verification of constanis obtained the neutron age of fiselon mpectrum and fopt-nout-~
ypon multiplication coefficient in infinite homogoneous beryllium medium wore caloulated, The
evaluated ncutron aje < =4y cu” and the value of fast ncutron multiplication coefficient
K. = 1,087 wore obbtainud, which are in a good agrecement with the data [26] and with theore-
ticel estimations [2?,28] . reupectively,
With these conutants the multiplication coefficlents, critical massed and crltical di- "
described in [29] ,WOre calculated in multli—group diffusion
{'u*—cooe) and with

menuionn of physical asuemblien,
approximation, taking into uccount ULhe reactions Do (0,2n) and Be (n, &)
no account of them ("v"-cage). The contribution of the fast offoct on Be was defined as @ aif-
ferenco of the multiplication coefficients, calculated with the account of Be{n,2n) and Be
(n, & ) rosctions or without it.

The results of calculations are shown in Table V. it is seen from Table V that the value
of the fast effect on 9-10% Be 1o somovhat less, than tbe wnlue 124% given eaxlier for the
same assemblies [2‘3] , but is within the experimental errorss Gince tho fust effect on Be
was calculated in multigroup theory, tho value of the present work seems more preferable. =

24
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I, .0, Xemopyn, H.M.Cazon, AAMspnuucs, weoewcoran 19, 250 (1962)4
H.® Xexopym, W.1,Camos, B.AT8padainsy, A A o) wien. Arounan unepran 13, 258 (I962);
WO, Foxepyn. Arounas olopras A, ISu o oaur o Limipyn, WI.Camcon, B.A.Tepadansko,
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Table 1

Value of dt and (st")" averagod ovor the
Maxwellian spectrum at the seutron tomperature '!‘n = 390°K

Grain si o — —

Sampls ———20n0 BlzeBy 7. AP
advanta- aversge 615 + born (bt) » barm
geous

I 10-15 8 9.97 9.13
2 40 29 9. 44 8.1
3 10-20 13 9.56 8.53
4 - 14 9.70 8476
Table IX
Diffusion pardmetors of Be aund BeD
Paranctors units In Be In BeO
£ v sec™! 262211 17486
D cmf/aec (1.20%0,013)+ 10° (1,56%0,01)+10°
c e foee (3.68%,20)+10° (8.12%0,27)°10°
L cm 21.821,0 29.9%1.0
Transfer length. A e cm 1.50%0.016 1.88%0,020
Diffusioa time, e nsec 3.82%0.017 5.75%0.020
Absorption
cross gection 6, at ' R
2200 m/cec mbern 10,020, 4 11.8% 0.4
Table II1I
Slowing-down time (in M’ sec) of ~ 2 Mev
neutrons to various encrgles
8lowing~down . In Be In_BeO
energy, eV A"“éc:lgt’égg exporimont cnltéulgi';‘i';g exporiment
7
1.46 (In) 7.2 7,541 9.3 9,521
0.3 (Pu) 15.7 17,521 19,2 26%2
0.178 (Ca) 20,4 4023 26.3 5155
0.09%6 (5m) 27,6 7335 34,8 885
3824 -8 -
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Table IV
Blowing-down tine and area 44 b4 t
up to 1.'&6{‘;‘6 in Pe and Bef) °F meutrons
Znergy range In B; 2 In Beg
— £y :/‘ 60 Ly, cm t,.,,u'_*egﬁ_.‘ﬁ;,.&".___z
= 1.46 o¥ 7.5%1 85.8%16 9.5%1 9241.5
- . + .
2 WeV - 0,3 oV 17,531 91,5%2,4 FUAS 103.421,9
2 MeV - 0,178 oV 4013 98,926 hd *
2 uY o i 2 .9 51:3 12,142,
Ao oo . 5.4&:2.7 69%a°) 117.940.4
. 0 735 107.522.9 83ty 122,522.9
2 He¥ ~ (0.07-0,045)ev 135 - 160
(0.07-0.045) - 0,025 ev 185220 - 20425 -
*) It 18 calculated vsing the obtained values of g is
the energy ranga Ce3 - 0.0976 ev,
Table Y
Calculation results of Ke“, oriticali nizen,
critical masses nnd fsst effact on Do :
Redl l
Assnmbly Koff 2; Raxp l|cul Mel’p KB.
om kg kg
-.j 4 1,030 37.9 40.4 4,8 5.46 0.1016
& 0.9286 48.4
5§ Sa 1,034 3.7 37.5 5.02 5.86 0.04997
35 5b 0, 9344 W, 6
ﬂ? ca 1.0241 4,3 36.5 6. 10 6,66 0,097 -
‘.g' 6b 0.9270 45.3 i—
& i
4a 140396 28,9 31.5 2.78 3.5 0,0%39 :
L kb 0.9447 36,5
E» 5a 1,0431 25,8 28.4 2.79 3.36 0.0928 ==
q g St 0,9503 32.5 =
“'g 6a 1.0420 23.9 26,2 2,65 3,42 0,012
3 6b 0.9508 30,0
o
®

E Approved For Release 2009/08/26 - CIA-RDP88-00904R00071007110005-4



1 - L . Ay
R \ K GO :

) SRR | B 0l SN S R R "

g PR 2 A D

; il B

. | IJE . B 1

p [N b _ A )

5 {% \ - - BB

4 :f-~ - JERSS DU S D O I

S0 ER =cn

0
w9 2 3 «s567890° 2 3 e 587890 2 3 4567830’

3 - B B . D I ._,L_.__F._ 4344
2 SR R o et
-
|
2

7+ 567690

£,
Fig.1. Total cross section G 4 for the BeO samples of various
crystal grain sizes; sample 1 (o): grain sizes = 4-23 4 , ave-
rage size = 8 W , advantageous sizes = 1015 3 2(¥ ):
sizes = 9—-60 i, average one = 29 L adgantageous one = 40463
3 (e ): sizes = 5-37., , average one = 1% 4 , advantageous
ones = 10=-20 w3 4 (x): sizes are large than ones of 1 and
are less thean ones of 5, average gize = 14}4, .
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Fig.2. Total cross section for samples I and 2 produced by
extrusion (a) and pressing (b). The incident neutron beam is
parallel g' ) and is normal to direction of extrusion and of
presing x). The partial cross sections for the reflection
from the plane (110) (see the insert) differ by 20-25%. The
solid line representsthe value of 6, calculated with the
assumption or apsence of the extinction and the account of

only elastic scattering.
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Fige3. Total cross section G4 for BeO at various

temperatures
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Fig.4. Total cross section for BeQ vs temperature, G # and
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Fige5. Damping coefficient oL vs B2 for Be (a) and BeO(b).
The dots are the measurement results, the solid line
corresponds to parabola (see Eq.(1) and Table II).
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Fig.6. Neutron density demping in Be block of 20°cm’,
1,2,3% are various powers of a neutron sourcej; 4~with

the large background level. The dotted line represents
the background pius the effect, the s0lid lines are ob-
tained after the substraction of the background.
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Fige?7. Moderation density at B = 1.46 eV for BeO in various
coordinates

R omn.ed

17757 0B 3375 4,75 S4B 6475 7T
G

Fig.8. Measurement results with Pu-chamber:(1) flux of 0.3 ev
neutrons ?‘,. (2) contribution of higher resonances;
(3) thermal heutron flux @ (4) moderation density q at
E = 0,5 eve I - relative udit, II-g, cm
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Fig.9., Comparison of the slowing- Fig.10, Measurement results of the

down densities at 0,3 ev(o) and slowing—down time., 1,2 are the de-
1.86 ev(e).,The solid and dotted tector counting rates R(t) of 0.3ev
lines correspond the synthetic neutrons in blocks of Be and BeO,

nuclei of type (2) at E_=0.3 ev respectively; the inverse transmis-
and 1.46 ev, £ sion N-{(=) " of Cd(3,4),5m (5,6) and

In(7,8) filters in Be and BeO.
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+11. Expeximental energy-time X .
djl.?ggributionezf slowing-dog neut- + Fig.12.Experimental arrangement
rons at E =0,3 ev in comparison for stud.ylngl; of Era.nsniislu_.ontthro-
with the theoretical one. 0@ -ex- ugh boron., 1-neutron co L mator
periment for Be and BeO, The solid with Cd and ByC; 2,5-filters; 4-
and dotted lines correspond to Pois— moderator block; S—collimator sup-
— son a1 stribation: N. ~ (.Ut \i& -2 port; 6—collimator holes; 7—132?3-
L *VBe T\ 2 ) € % , counter; 8-shield of counters.
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Fig.13. Tr ission of boron filtegs for the Be block
607cm”?; I-filter 0.0M2 g/cm<;
¢§* + ~-various measurement series,

a1 ¢
Q M0 330 480 640 SO0 60 N O MG MDD sl

Fig.14o.Transmission of borom £il-
ters for BeO block 70x80x75 cm”,
I-trensmission; II-M sec.
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Tel15, Neutron tocmperztures in
a) and BeO(d) vs slwing-dm

tinxe (obtained from plats of
Fige13 and 14).
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Fig.16.Iztegrzl counting rate K vs —
the average neutron energy lossdt:

1 = 3e lay
3 = K
with correctlon

spheres for the
reutron

er; 2

- graphite layer;

p (BE)/N(AE)s # - Kpq

of hole effect in
transmission of
beam
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Tonuin: cros ety s ik

Fig.17. Bffect ofJdE czlculetion
inaccuracy upon EBe' The calcu-

lation variants: 1-with utiliza-
tion of cross-sections on 15% as
large in comparison with the
data 15} 2 - w1th utilization
of cros-sections 15 3 - KBe

with the account of neutron ab-

sorption in a wood sphere;

4 - with an assumption thaté. =d

1 - Berylllum %ayer thickness,
g/cm



